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Average concentrations in positive samples of Average concentrations in positive samples of 
fresh manure from veal calvesfresh manure from veal calves versusversus age age 
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Major pathways of Major pathways of CryptosporidumCryptosporidum and and GiardiaGiardia
to surface waters in The Netherlandsto surface waters in The Netherlands
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IntroductionIntroduction

••Cattle manure, especially from calves, form an Cattle manure, especially from calves, form an 
enormous source of enormous source of CryptosporidiumCryptosporidium and and GiardiaGiardia..

••Due to animal waste application to agricultural Due to animal waste application to agricultural 
land, large numbers of land, large numbers of ((oooo)cysts)cysts may reach may reach 
groundwater and surface water. groundwater and surface water. 

••Release rates of (Release rates of (oooo)cysts from manure are )cysts from manure are 
important boundary conditions for loading rates important boundary conditions for loading rates 
into the environment.into the environment.

••Manure is exposed to a wide range of solution Manure is exposed to a wide range of solution 
salinitiessalinities (rain or urine).(rain or urine).



Holstein dairy cattleHolstein dairy cattle ((ChinoChino, CA), CA)

Manure phase concentrations of (oo)cysts, mip, N g-1.
Cryptosporidium Giardia

Average 7.1 × 104 9.5 × 104

S.D. 1.7 × 104 3.0 × 104

N 6 12

00--3 3 monthsmonths 33--5 5 monthsmonths
ManureManure samplesample



Manure Drip ExperimentsManure Drip Experiments Aerosol or droplets

Manure disk

105 µm sieve

Funnel

Funnel

Sample collection

T = 0 min T = 250 min



Experimental conditionsExperimental conditions
Manure Water

application
Q

[ml min-1]
EC

[dS m-1]
Temp.
[°C]

Calf Mist 10 0.3 5
Calf Mist 2.9 0.3 5
Calf Drip 2.4 0.3 5
Calf + Cow 1:10 Drip 2.7 0.3 5
Calf + Cow 1:1 Drip 3.0 0.3 5
Calf Drip 2.6 0.3 23
Calf Drip 2.0 0.3 23
Calf Drip 2.5 5.0 23
Calf Drip 2.0 9.5 23
Calf Drip 2.1 15 23
ρi =1.1 g cm-3 from Vm (34.4 ml) and initial weight of manure disk (g).



Detection of Cryptosporidium and Giardia
• FITC - Monoclonal Antibody
• Direct Enumeration via Microscopy



Manure ReleaseManure Release
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GiardiaGiardia ReleaseRelease
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CryptosporidiumCryptosporidium ReleaseRelease



0

50000

100000

150000

200000

250000

300000

0 100 200 300
Time (min)

C
um

ul
at

iv
e 

C
ry

pt
o 

(N
)

0.3 dS/m
5.0 dS/m
9.5 dS/m
14.75 dS/m



0

500

1000

1500

2000

2500

0 100 200 300
Time (min)

C
ry

pt
o 

R
el

ea
se

 R
at

e 
(N

/m
in

)

0.3 dS/m
5.0 dS/m
9.5 dS/m
14.75 dS/m



0
100
200
300
400
500
600
700
800
900

0 200 400 600

Cm*Cio (N/ml)

C
ry

pt
o 

(N
/m

l) 14.75 dS/m
9.5 dS/m
5.0 dS/m
0.3 dS/m
Prediction



Aqueous PhaseManure Phase
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y = 3.84e0.1158x

R2 = 0.8955
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ConclusionsConclusions
Effluent concentrations of manure and (Effluent concentrations of manure and (oooo)cysts were )cysts were 
initially several orders of magnitude below their initial initially several orders of magnitude below their initial 
concentration in the manure.concentration in the manure.
Increasing the solution salinity tended to decrease the Increasing the solution salinity tended to decrease the 
manure and (manure and (oooo)cyst concentrations and, hence, the )cyst concentrations and, hence, the 
cumulative amount released into the aqueous phase.cumulative amount released into the aqueous phase.
Increasing salinity was hypothesized to stabilize the manure Increasing salinity was hypothesized to stabilize the manure 
by compression of the diffuse double layer thickness by compression of the diffuse double layer thickness 
between negatively charged colloidal material in the between negatively charged colloidal material in the 
manure.   manure.   
((OoOo)cyst release efficiencies tend to decrease with )cyst release efficiencies tend to decrease with 
increasing salinity.increasing salinity.
A conceptual model was developed to predict manure and A conceptual model was developed to predict manure and 
((oooo)cyst release and loading rates from manure. )cyst release and loading rates from manure. 


